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EFFECTS OF A SERIES OF INBOARD PLAN-FORM MODIFICATIONS ON
THE LONGITUDINAL CHARACTERISTICS OF TWO UNSWEPT
WINGS OF ASPECT RATIO 3.5, TAPER RATIO 0.2,

AND DIFFERENT THICKNESS DISTRIBUTIONS

|
AT MACH NUMBERS OF 1.61 AND 2.0L

By John R. Sevier, Jr.
SUMMARY

An investigetion has been conducted at the Langley L4- by L4-foot
supersonic pressure tunnel at Mach mumbers of 1.61 and 2.0l to determine
the effects of inboard plan-form modifications on two unswept wings.

The two basic wings differed only in spanwise thickness distribution;

the aspect retio (3.5) and taper ratio (0.2) remained the same for both
wings. Inboard plan-form modifications were made by means of Insert sec-
tions which linearly extended the local chord, forward or rearward, from
the 40 percent semispan station to the model center line.

Results of these tests indicated that addition of the extensions to
either of the basic wings caused & reduction in minimum drag; theoretical
calculations showed that these reductions cen be predicted with reason-
gble accuracy. Although the extensions caused a decrease in 1lift-curve
slope, (when based on wing areas including extensions) their over-all
effect was to improve the maximmm 1ift-drag ratio and to reduce the 1ift
coefficient at which it occurred. Thus, by properly modifying the wing
thickness and plan form, significant increases in wing volume (up to
80 percent for the configurations presented herein) could be attained
with little or no penalties in drag and actual increases in maximum 11f£%-
drag ratio. Comparison of the present results with the results of a
gimilar investigation for a 47° swept wing indicates that sweep angle
has 1ittle effect on the relstive improvements resulting from the addi-
tilon of chord extensions.
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INTRODUCTION

In references 1 to 4, an extensive investigetion has been made to
determine the effects of sweep and thickness on the aerodynamic charac-
teristics of several wing-body combinations. A part of this general pro-
gram was aimed at determining the practicebility of increasing the wing
volume by thickening the inboard part of the wing. For example, in ref-
erence 1, the inboard thickness ratios were increesed on a 470 swept wing
so that the wing volume was increased by 25 percent; results indicated
that up to a Mach number of 0.88, no penalty in maximum lift-drag ratio
was incurred for the thickened wing. At supersonic speeds, however, the
effect of greater wave drag, assoclated with the increased thickness,
was clearly evident in the reduced lift-drag ratios (refs. 3 and 4).
Because of the practical advantages of the thicker wing, a further inves~
tigation was considered warranted to ascertain whether there were some
practical means of maintaining its advantages at supersonic speeds.

A recent investigation of two L47° swept wings made at the Langley
4~ by 4-Ffoot supersonic pressure tunnel showed that, by properly modi-
fying the wing thickness and plan form, significant increases in volume
accompanied by actual increases in maximm 1ift-drag ratios, can be
attained (ref. 5). One wing was of constant 6 percent thickness ratio
throughout; whereas the other wing had the same sections outboard of the
4o-percent-semispan station but inboard of this station, the thickness
increased linearly to 12 percent at the model center line.

A less extensive investigation of a similar nature was made of a
450 gwept wing by an Alr Force contractor. The results of this investi-
gation show the same genersl trends and are presented in reference 6.

In order to establish sweep effects, further tests (similar to those
of ref. 5) were made of a'wing which was unswept about the midchord line.
Aspect ratio (3.5), taper ratio (0.2), and thickness distribution for the
two basic wings remslned the same as in reference 5. Results of this
unswept-wing investigetion are presented in the present report. Imboard
plan-form modifications were effected by means of removeble inserts which
linearly extended the local chord, forward or rearward, from the 4O-percent-
semispan station to the model center line.

SYMBOLS
M free-stream Mach number
q free-gtream dynamic pressure
CONPEDENEEE
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area. of wing extended through the fuselsge to the center line
wing span

aspect ratio, b2/S

airfoil chord at any spanwise station

spanwise distance measured from the plane of symmetry of the
wing . .

b/2 5
_mean aerodynemic chord, gl/q ¢ dy

0
angle of gttack

1lift

drag
1ift coefficient, L/qS

1ift coefficient at maximum lift-dreg ratio

drag coefficient, D/qS

minimm drag coefficient

piltching-moment coefficient about a line perpenﬁicular to plane
of symmetry and passing through the 25-percent position of
the mean aerodynamic chord.

center of pressure

lift-curve slope, per degree or per radian

pitching-moment-curve slope, per deg
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WING DESIGNATION

In order to identify conveniently the various configurations tested,
a three-unit numbering system has been adopted, each unit being separated
from the others by a dash. The first number (6 or 12) designates the
center-line thickness in percent chord of the basic wing; the second num-
ber (0, 33, 67, or 100) designates the percentage by which the basic
center-line chord is extended by the forward insert; and the third number
(0 or 33) refers to the percentage by which the basic center-line chord
is extended by the rearward insert. Thus, the designation 6-0-0 refers
to the basic 6-percent-thick wing, whereas the designation 12-100-33
refers to the 12-percent-thick wing with the basic center-line chord
extended 100 percent forward and 33 percent rearward. In cases where g
given number is variable, the number is replaced by X. Thus, when curves
are plotted as a function of leading-edge extension, for example, for the
6—p2rcent-thick wing with 33 percent rearward extension, the designation
is 6-X-33.

APPARATUS
Tunnel

A1l tests were conducted in the Langley 4- by 4-foot supersonic
pressure tunnel which 1s a rectangular, closed-throat, single-return wind
tunnel designed for a nominal Mach number range of 1.2 to 2.2. The test-
section Mach number 1s varied by deflecting horizontal flexible walls
against a series of fixed Interchangeable templates which have been
designed to produce uniform flow in the test section. For the present
investigation, the test-section Mach mumbers were 1.61 and 2.01; the
test-section heights were L.k feet and 5.1 feet, respectively; and the

tunnel width was 4.5 feet.

Model

The test model consisted of either of two unswept wings (0° sweep
about the midchord line) mounted on an ogive cylinder fuselage, the ogive
having a fineness ratio of 3.5. The model was sting supported as shown
in figure 1. Angle of attack was measured optically during each test and
was varied by rotating the model about the balance-moment center. Although
the fuselage housed a six-component internal strain-gage balance, only nor-
mal force, chord force, and pitching moment were analyzed.

The wings were constructed as indicated in figure 2. Outboard of the
40 percent semispan station, both wings were comstructed of steel and had
symmetrical i.1.1 hexagonal airfoil sections with a constant thickness
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ratio of 6 percent. Inboard of the 4O-percent-semispan station, the
flat side of the hexagonal section was extended Into the fuselage; the
alrfoil sectlion over this inboard part was completed by the addition of
any combination of forward and rearward inserts, as shown in figure 3.

Forward extensions of 33, 67, and 100 percent of the basic center-
line chord and s rearward extension of 33 percent of the basic chord
were tested in various combinations on each wing. Because of physical
limitations of the model, the extensions tested in the present investiga-
tion were somewhat different from those of reference 5, in which forward
and rearwsrd extensions of 33 and 67 percent of the basic center-line
chord were tested. It should be noted, however, that the maximm total
chord extension remained the same.

The addition of chord extensions, to a wing of given thickness, nec-
essarlly changed the airfoil section because the thickness ratio and
wedge angle were modified. Furthermore, when extensions were added which
were nonsymmetrical forward and rearward, the section no longer remained
a %—%—% alrfoll; 1ts new shape depended on the particular combination
of extenslons. In short, the new ailrfoil was merely the basic airfoll
with its three chord divisions elongeted (either forward or rearward of
the basic chord center line or both) by an amount dictated by the new
wing deslgnation; the increased length being alloted proportionally to
the flat section and to the wedge section. The new airfoil sections can
be derived by using the following relationships:

1 2A
)

YT

1+
100

;1+A+%
3 100

Chr =
2
1+A+B

L
3

1 2B
=(1 + =&
5(”100)
1+A+B
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CB=




6 < SRR NACA RM L53K11

where Cj, Cp, and C3 are the lengths of the forward wedge, flat mid-

section, and rearward wedge expressed as fractions of the new chord,
and A and B are the percent forward and reasrward extensions, respec-
tlvely. Note that the flat section always remained ome-third the chord.

Two sets of wings and insert extensions were tested. One wing with
basic inserts (X-0-0) had constant 6-percent-thick sections throughout.
The second wing with basic inserts was identical in plan form and had
the same sections outboard of the 4O-percent-semispan. station as the
6-percent-thick wing. Inboard of the L4O-percemt-semispan station, how-
ever, the thickness increased linearly from 6 percent at the 40 percent
stetion to 12 percent at the model center line. Since the 6-X-X and
12-X-X wings could both be tested with eight different combinations of
inserts (fig. 3), there was a total of sixteen configurations tested.

Figure 4(a) shows the basic 6-percent-thick wing (6-0-0) and fig-
ure 4(b) shows the 6-percent-thick wing wilth 100 percent forward and
33 percent rearward extensions.

TESTS

A1l wing configurations shown in figure 3 were tested at a Mach
number of 2.01 through an angle-of-attack range of -2° to 8°, approxi-
mately. The corresponding Reynolds number, based on the mean aerodynamic
chord of the X-0-0 wing, was, wlth the exception of several isolated

test conditions, 2.21 X 106. For the extreme forward extensions, it was

necessary to lower the tunnel stagnation pressure in order not to exceed
the balance limit on pitching moment; for these configuratioms, the

Reynolds number was 1.62 X 106. A check run of the 12-0-0 wing at both
Reynolds numbers indicated that there was no measurable effect due to
this slight variation in Reynolds number,

In order to establish Mach number variation, the extreme configura-
tions, shown in the corner sketches of figure 3, were also tested at a
Mach number of 1.61. The Reynolds number for most of these tests was

2.68 x 106; for the most forward extensions, where it was necessary to

lower the stagnaetion pressure, the Reynolds number was 1l.k2 X 106.

Corrections were applied to all data in such & mammer that the base
pressure was corrected to free-streem static pressure. A 3-inch-diameter
sting block (fig. 1) was used in order to minimize the base-pressure cor-
rection. The results of reference 5 indicated that the sting block had

no effect on the £inal corrected data.

QOB E gy
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THEORETTICAL CALCULATICNS

Drag at Zero Lift

The drag at zero 1ift of each wing-body combination was considered
to be the sum of the individual drags of the body and the exposed wing.
Interference effects were neglected on the basis of the following con-
siderations: (1) the body was cylindrical in the zone of influence of
the wing and hence can experience no pressure drag in this region, and
(2) the wing was operating in a flow field which was essentially uniform.
The body pressure drag was calculated by means of linear theory as pre-
sented in reference 7. From tests of the body with and without a boundeary-
layer trip and from meassurements made on a similar body in reference 3,
the £low over the body was found to be turbulent. The skin friction,
therefore, was estimated by the extended Frankl and Volshel method
discussed in reference 8.

The wave drags of the basic wings (X-0-0) were calculated by linear
theory by the use of a procedure similar to that outlined in references 9
and 10. PFor the extended-chord configurations, the wave-drag coeffi-
clents were estimated by & strip-theory celculation; that 1s, two-
dimensional thickness corrections were applied to the basic wing to allow
for the thickness-ratio changes as the inserts were added. No correc-
tions were made for the plan-form change. The wing skin friction was
estimated by the method of reference 11; laminar flow over the wing was
assumed.

Lifting Characteristics

Although the lift-curve slopes of the wing and wing-body configura-
tlon are discussed separately in this section, it is to be emphasized
thet in the final presentation (where theory and experiment are compared),
only the estimates for the wing-body combinations are presented. Calcu-
lations were made for the wing-alone configurations as a necessary step
in obtaining the wing-body characteristics, however, no results for the
wing alone are presented.

Wing lift-curve slope.- For the basic wing (X-0-0) alone, the 1ift-
curve slopes were calculated directly from the expressions glven in ref-
erence 12, In estimating them for the extended-chord configurations,
certain simplifications were made in order to avoid prohibitively
lengthy calculations. First, consider the X-0-33 configuration: since
the trailing edge is supersonic, the addition of the 33 percent exten-
slon to the basic wing cannot affect the flow over the basic part of the
new wing. Thus, the 1ift on the X-0-33 wing 1s merely the 1ift on the
X-0-0 wing plus the 1ift on the added trilangular area, which can be

oo

rd
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calculated by integrating the theoretical linear pressures over the
triangulsr part. This reasoning applies at both Mach numbers 1.61

and 2.01 because the trailing edge is supersonic in both cases. On the
basis of the reversibility theorem (ref. 13), it is obvious that the
X-33-0 configuration has the same theoretical lift-curve slope as the
X-0-33 configuration. In order to obtain the 1ifting characteristics

of the X-6T7-0 wing, the reverse flow is considered. At a Mach number

of 2.01, the reverse-flow trailing edge of the insert is essentially
sonic, hence the same method can be used as for the X-0-33 configuration.
At & Mach number of 1.61, however, this reasoning does not apply, because
the reverse-flow trailing edge is subsonic. Similarly, the 1ift-curve
slopes of the X-100-0O wing cannot be calculated by these simple methods
nor can calculations be made for configurations having a combination of
forward and rearward extensions. That is, for configurations other than
those discussed, the calculations were either prohibitively lengthy or
were oversimplifications, therefore, no calculations of this type were
carried out. It is believed, however, that the limited mumber of theo-
retical points calculated by the methods described are sufficlent to
establish agreement between experiment and theory and also to show that
the general trends can be predicted reasonably well.

Wing-body lift-curve slope.- In estimating the effect of wing-body
interference on the lift-curve slope, the method of reference 14 was
used. For the basic wing, this method was applied directly, but for the
extended-chord configurations, it was necessary to simplify the problem
somewhat in order to avoid excessively lengthy calculations. For these
configurations, then, it was assumed that the inboard section of the
wing plan form was of primary importance in determining the effective
1ift caerryover. Hence, the 1lift carryover was computed (by the use
of ref. 12) for a wing of zero taper ratio having the same sweep of the
leading and trailing edges as glven by the insert sections.

Drag due to 1lift.- Because of the relative sharpness of the wing
leading edge end the fact that the leading edge was supersonlc, except
for the cases of extreme forward extensions, the drag due to 1ift was
assumed to be given by the component of normsl force in the drag direction.

RESULTS AND DISCUSSION

.

Effects of Extensions on Unswept Wing

Basic data.- The basic 1ift, drag, and lift-drag-ratio data are pre-
sented as a function of angle of attack in figures 5 and 6 for both the
6-X-X and 12-X-X wing configurations. In addition, the lift-drag ratio
data are plotted as a function of 1ift coefficient in figures 7 and 8.
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The basic data for all the conflgurations tested are tebulated in
table I. A summary of the individual wing characteristics (such as
minimm drag and lift-curve slope) is presented in tables II and IIT.

Pitching-moment and center-of-pressure date are presented for the
6-X-X and 12-X-X wing series in figures 9 and 10, respectively. Since
each insert section was assumed to form a new wing, a new moment center
referenced to the quarter-chord point of the mean aerodynamic chord of
each wing was used to reduce the data. Such referencing leads to the
anomalous result that the forward extensions increase stability. This
effecy is due to the fact that the moment axis changes more rapidly than
does the physical center of pressure, as is evident from the center-of-
pressure data presented in figures 9 and 10.

Minimum drag coefficients.- In figure 11, the minimum drag coeffi-
cients for all the configurations tested are plotted as a function of
the sum of the forward and rearward extensions. This presentation is
consistent with the initial theoretical assumption that the extensions
would introduce primarily a thickuness effect. In figure ll(a), the drag
coefficients have been based on the individual wing area, whereas in fig-
ure 11(b), the area of the basic wing (X-0-0) has been used to obtain
drag coefficient. It should be emphasized that the significant reduc-
tions in minimum dreg coefficient apparent from figure 11(a) are scmewhst
misleading since referencing a given drag force to a larger area (as
extensions are added) will necessarily result in a lower coefficient.
The picture is further distorted by the fact that the body drag, which
1s a large part of the total drag and is theoretically constant, is
included in figure 11; the body drag, of course, is subject to the same
misleading changes due to re-referencing. Hence, because of the
re-referencing for each wing, it is difficult to make valid comparisons
between configurations using figure 11(a). For this reason, figure 11(b)
has been included in which the variation in minimm drag coefficient is
equivalent to the variation in actual minimm drag since a common ares
has been used throughout.

The results of figure 11 indicate that the original thickness-
correction concept is substantiated by the experimental data. That is,
by the use of this thickmess correction, it is possible to estimate
reasonably well the variation in minimum drag coefficient with chord
extensions.

Although the reduction in drag with chord extension (fig. 11(b)) is
primarily a thickness effect, it is of interest to note the differences
between two wings of the same thickness ratio; that is, to compare the
6-0-0 wing with the 12-67-33 wing, observing, of course, that both wings
are of constant 6 percent thickness. Since the slight difference in
airfoil section of the two wings in the inboard region introduces a
negligible effect (based on two-dimensional linear-theory calculations),

T
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then this: comparrison will indicate the effect of changing the plan form.
Using tables II and III, the following resulis are obtained for a Mach

number of 2.01:

Wing designation c;Dm_.,_]:l CDmin X-0-0

6-0-0 0.0218 0.0218

12-67-33 0167 .0223

Thus the 12-67-33 wing-body combination has only 2 percent more actual
drag than the conventional 6-0-0 wing. Comparison of these two wings on
the basis of volume Indicates that the 12-67-33 wing has 67 percent
greater volume (a parameter which may be extremely importaent) than the
6-0-0 wing. At a Mach number of 1.61, a comparison between the 6-0-0
and the 12-100-0 configurations (since the 12-67-33 configuration was
not tested at the lower Mach number) indicated comparable results.

On the basis of limited comparisons, it was concluded that approxi-
mately the same percentage changes in minimm drag resulted from adding
extensions to the swept-wing configurations (ref. 8) as to the present
unswept configurations. The absolute drag values of the swept configura-
tions were somewhat lower than those of the unswept ones at a Mach num-
ber of 1.61, but were essentially the same at a Mach mumber of 2.0L.

Drag due to 1ift.- In figures 12 and 13, the drag-due-to-1ift param-
eter 1s plotted as a function of forward chord extension for both the
6-X-X and 12-X-X wing series. As can be seen in figures 12(a) and 13(a),
the reciprocal of the theoretical lift-curve slope (in radians) falls
below the drag-due-to-1ift parsmeter. This result can be attributed to
the following conditions: (1) the resultant-force vector can be inclined
at some angle other than normal (as was originally assumed), and (2)
there might be inaccuracies in predicting the lift-curve slope. Subse-
quent plots show that there is good agreement between theoretical and
experlmental 1lift-curve slopes, therefore, the second reason is not a
contributing factor in the present case. On the other hand, examination
of figures 12(b) and 13(b) indicates that, in fact, the 1ift vector is
inclined rearward of the normal to the chord. Thus, in the present case,
the difficulty in predicting drag-due-to-1ift characteristics lies in the
fact that the original assumption of a normal 1ift vector is not strictly

correct.

CONFEEER I o
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Lift-curve slopes.- Summary plots of the 1lift-curve slopes for all
the wing-body configurastions tested are presented in figures 14 and 15.
As in previous summary plots, the parameter is based both on the indi-
vidual wing ares and on the area of the X-0-0 wing. ZIExamination of fig-
ures 14 and 15 shows that there is very good agreement between experiment
and theory, especially &t the higher Msch number. Although the theoreti-
cal estimates presented are for a limited range, it can be concluded that
reasonably accurate trends in lift-curve slope can be calculated by the
uge of the methods presented in this report.

Maximm 1ift-drag ratios.- The lift-drag-ratio data are presented
as a function of forward chord extension in figures 16 and 17 for both
the 6-X-X and 12-X-X wing series. In all cases, the addition of chord
extensions to a wing of given thlckness improved the maximm l1ift-drag
ratio and, at the same time, reduced the 1ift coefficient at which it
occurred. As can be seen from figures 16 and 17, the theoretical esti-
mates of the maximum 1lift-drag ratio are somewhat high. These discrep-
ancies are the result of accumilative small differences between experi-
ment and theory in calculating 1ift, minimm drag, and drag due to 1ift.
It should be noted that the trends between experiment and theory compare
favorably although the actual velues do not.

Again, 1t is of interest to compare the two 6-percent-thick wings
(in combination with the body) at a Mach mumber of 2.01:

L
Wing designstion = Cr,
( D)max opt
6-0-0 k.92 0.220
12-67-33 5.21 .185

Thus, the extended-chord wing configuration (which has 67 percent
more volume) has a 6 percent higher maximm 1lift-drag ratio occurring at
a lower 1ift coeffilcient and has only 2 percent more minimm drag than
the basic configuration. Similar gains can be enticipated at a Mach
number of 1.61.

Calculations of wing skin friction (with the assumption of laminar
flow) indicate that this ilncrease in maximm lift-drag retio is chiefly
a plan-form effect rather than a Reynolds number effect on skin friction
(associated with the extended chord of the 12-67-3% wing). Further
calculations show that even if the flow had been turbulent over the wings,
the resulting increase in the level of skin friction and the larger

o .
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Reynolds number effect assoclated with the extended chord would be
Insufficient to cause any material effect on the percentage increases
in maximm 1ift-drag ratio.

It is of importance to note that these data were obtained from rela-
tively crude models designed to facilitate the testing of various arrange-
ments. The results, therefore, are to be applied in order to indicate
trends rather than for the specific nmumbers presented because » by using
better airfoll sections, higher values in maximum lift-drag ratio could

be realized.

Pitching-moment-curve slopes.- The pitching-moment-curve slopes and
representative center-of-pressure locations for all configurations tested
are presented in figures 18 and 19. The difficulty of considering each
configuration as a new wing and relocating the moment axis is reflected
in the pitching-moment-curve slopes; however, the representative center-
of-pregsure locations show the anticipated forward shift with forward
extensions and rearward shift with rearward extensions.

Comparison Between the Swept and Unswept Wings

Although no specific curves showing sweep effects are presented in
the present report, it will be of general interest to compare the basic
swept end unswept wings, and to discuss the effects of adding extensions.

Sweep effects on the extended-chord configurations.- Because of
basic differences between the tests of reference 5 and the present tests,
only a limited number of extensions were common to both the swept and
unswept wings. Thus, the conclusions regarding the effect of sweep will
necessarily be based on limited comparisons. To be specific, at a Mach
number of 1.61, the X-0-0 and X-0-33 configuraetions were common to both
the swept and unswept wings; whereas, at a Mach number of 2.0L, the X-0-0
and X-6T7-0 configurations were common to both. On the basis of these
comparisons, it is concluded that at a Mach number of 1.61 the relative
improvements due to adding extensions were essentially the same for the
swept and unswept wings. At a Mach number of 2.0l, it was found that
slightly higher relative geins could be realized with the unswept wing.

Sweep effects on the basic wings.- Generally speaking, the aerody-
nemic characteristics of the 470 swept wing are better thsn those of the
unswept wing; at least, over the Mach mmber range considered herein.

At a Mach mumber of 1.61, the swept wing has definite adventages in mini-
mim drag, drag due to 1lift, maximm 1ift-drag ratio, and optimm 1ift
coefficient; however, at a Mach number of 2.01, these advantages are not
as pronounced. For example, at the lower Mach number, the swept wing
has 10 percent to 12 percent greater maximm lift-drag ratio, whereas,
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at a Mach nmumber of 2.0l this value has been reduced to about 5 percent.
Similarly, the minimm drag of the basic swept wing is approximately

10 percent lower thsn that of the basic unswept wing at a Mach number
of 1.61; whereas, at the higher Mach number the minimum-drag values of
the two wings are essentially the same. Such trends substantiate the
original assumption that the unswept wing would have better aerodynamic
characteristics at the higher Mach numbers than the swept wing.

The oply parameter consldered herein which does not follow this
pettern is lift-curve slope. At a Mach number of 1.61, the lift-curve
slope of the unswept wing is about 10 percent higher than that for the
swept wing, whereas at a Mach number of 2.01, the two are epproximately
the same. -

CONCLUDING REMARKS

An investigation has been conducted at the Langley U4~ by 4-foot
supersonic pressure tumel at Mach mmbers of 1.61 and 2.0l to determine
the effects of inboard plan-form modifications to two unswept wings.

The two basic wings differed only in spanwise thickness distribution;

the aspect ratio (3.5) and taper ratio (0.2) remained the same for both
wings. Inboard plan-form modifications were made by means of insert sec-
tions which linearly extended the local chord, forward or rearward, from
the 4O-percent-semispan station to the model center line.

Results of these tests indicated that addition of the extensions to
elther of the basic wings caused a reduction in minimum drag; theoretical
calculetions showed that these reductions could be predicted with reason-
able accuracy. Although the extensions caused a decrease in lift-curve
slope (when based on wing areas including extensions), their over-all
effect was to improve typ maximm lift-drag ratio and to reduce the 1ift
coefficlent at which it occurred. Thus, by properly modifying the wing
thickness and plan form, significant increases in wing volume (up to
80 percent for the configurations tésted hereln) can be attained with
little or no penalties in drag and actual increases in meximm lift-drag
ratio.

Comparison of the present results with the results of a similar
investigation for a 47° swept wing indicates that sweep angle has 1little
effect on the relative improvements resulting from the addition of chord
extensions.

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., October 28, 1953.

o,
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TABLE I.- BASIC DATA
M=2.01 M=1.61
o, deg| C.- | S | L/ | Cn |a, deg| CL Cp |1/ | Cn
Wing 6-0-0
-2.08 |-0.085|0.0255|-3.35]0.0084|-2.08 [-0.114]0.0313 |-3.65 (0.0142
.00 | -.002| .0218| -.08{ .c002| -.02 | -.003| .0270| -.13| .0003
2.10 .08} .0254| 3.20]-.0079] 2.13 113} .0310/| 3.65]-.0143
.08 1631 .o3h7| b.69]-.0159| 4.20 226 0439 5.15|-.028%
5.07 .205| .Oh1T7| 4.91}-.0202| 5.23 .285| .0541| 5.26 |-.0350
6.07 2| 0498 4.90|-.0236] 6.37 Au6) 06Tk 5.14 |-.0k21
7.03 .288| .0598{ L4.82[-.0275| T.25 3941 L0791 | 4.98|-.04T0O
Wing 6-33-0
-2.20 |-0.086]0.0228|-3.79]0.0105
-.02 | -.002{ .0188| -~.11| .0002
2.13 .079| .0227| 3.48]-.0096
%.18 .160| 0317} 5.0%|-.0201
5.2% .199]| .0%390| 5.11(-.0252
6.22 .240| .ok76| 5.04{-.0%05
T7.27 .281] .0581| 4.84|-.0%56
Wing 6-67-0
-2.08 |-0.076/0.0194 |{-3.91 |0.0129
.02 | -.001| .0166} -.03} .0000
2.15 .075| .0195] 3.84|-.0129
4,13 A48 .0285| 5.20(-.026%
5.13 1851 .0348| 5.30]-.0328
6.15 222 .0430| 5.16{-.0%95
7.15 2591 .0523| L4.95|-.046L
Wing 6-100-0
-2.05 {-0.070/0.0177|-3.95 |0.0147]|-1.95 |-0.086 |0.0211 |-4.09]0.0218
.03 | ~.001| .0153| -.08 |-.0004| ~.02 | -.001| .0181| -.07| .000%
2.13 L069| .0182| 3.77|-.0158] 2.02 .0881 .021k | 4.11 |-.0222
k.10 136 .0259| 5.25 [-.0307) 4.00 A77| 03221 5.50-.0445
5.10 .170} .0318] 5.36 |-.0385| 5.17 228 .ok11 | 5.54 [-.0567
6.12 .205| .0393| 5.21 |-.0462| 6.13 270 .0504 | 5.36 |-.0670
7.12 240| .0481| 4.98|-.0541] 3.10 37| L0264 | 5.17 -Joaus
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TABLE I.- BASIC DATA -~ Continued

17

M= 2.01 M=1.61
o, deg| Cp, Cp L/D Cp |, deg| Cp, Cp L/D Cn
Wing 6-0-33
-2.07 [-0.080(0.0228(-3.52(0.0098}-2.13 |~-0.110]0.0279|-3.95 [0.0153
.03 | -.001| .0195| -.04} .0000| -.02 | -.002| .0239| ~.09| .0001
2.07 078 .0231] 3.36[-.0095| 2.07 106) .0274| 3.87|-.0151
k.02 .155| .0311| 4.99{~.0191| Lk.15 .213| .0389| 5.49 |-.0297
5.00 A9k | .0371| 5.22[-.0236] 5.32 274 .0492] 5.58]-.03T7
5.98 .232| .0kk6| 5.20{-.0280| 6.38 .330| .0607| 5.43|-.04L48
6.95 | .272| .0535| 5.09]-.0325| 7.35 .378| .0722| 5.24]-.0509
Wing 6-33-33
-2.17 [-0.081]0.0206 |-3.95|0.0116
.00 | -.002| .OLTO| -.11| .0002
2.12 .076| .0207| 3.65|-.0107
k.15 JA531 .02921 5.23(-.0219
5.1 .190| 035k | 5.36(-.0273
6.20 229 .0436] 5.24|-.0330
7.15 266 .0525| 5.07]|-.0383
' Wing 6-67-33
-2.18 |-0.07810.0186 |-4.19(0.0139
.02 | -.002| .0151| -.11| .0003
2.20 07| .0188] 3.92|-.0150
k.23 48| 02731 5.42(-.0270
5.27 185 L0340 5.4k |~.0337
6.30 222 | .ok21| 5.28|-.0407
T.37 260 .0519| 5.01|-.0475
Wing 6-100-33
-2.12 [-0.070 [0.0166 |-4.22]0.0147|~2.07 }|-0.087 |0.0196 |-L4.}43 [0.0207
.05 | -.001| .01%0} -.06|-.0001L]| -.10 | -.001L}{ .0L6T| ~.03 | .000L
2.15 L0681 .0165| 4.10{-.01k7| 2.12 .089| .0200| L4.k46 {~.0213
oo | 134 .0247| 5.44]-.0293] 4.18 .180| .0310{ 5.82 |-.0431
5.25 .169 | .0308| 5.48|~.0%368] 4.98 .21k | .0%368]| 5.81 |-.0509
6.17 .203 | 0376} 5.39|-.0145]| 6.03 .258| .0k60| 5.61 -.0613
7.23 235 | o6k | 5.07|-.0515] T7.15 304 | 0576 5.28 |-.0721
3.07 JA32 | 0241 | 5.46 |-.0316

ﬁ‘ ”““:_eﬁ
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TABLE I.- BASIC DATA - Continued
M= 2.01 M=1.61
a, deg| Cf Cp || Cn |o, deg| Cp Cp [L/D| Cn
Wing 12-0-0
0.00 |-0.002(0.0262]-0.08]0.0005}{-2.27 |[-0.127{0.0379|-3.34}0.0136
2.0% .078| 02931 2.67|-.0058{ -.05 | -.00k| .03%323| -.12| .0005
3.92 J155( 0379} 4.10{-.0118| 2.18 15| L0365 3.15]-.0125
6.78 2761 0615 4.49|-.0214] L4.30 .229] .0501| L4.57|~.0241
7.78 321 0732 4.39(-.02k0| 5.37 .287| 0605 4.7k |~.0296
k.95 96| o499 Lk.37|-.0150] 6.47 U7l L0736 4.T1]-.0%355
-2.03 | -.079| .0297|-2.66| .0065| T7.53 406 .0885| 4.58|~.0417
Wing 12-33-0
-2.18 |-0.0840.0255 |-3.2710.0095
-.02 | -.002| .0217| -.09| .0006
2.13 .079| .0258{ 3.08|-.0080
k.25 160) .0355] 4.50|-.017h
5.25 199 .ok25] 4.68]-.0218
6.25 .239| .0511| 4.68}-.0265
T.32 .280| .0617| L.54}-.0312
Wing 12-67-0
-2.13 |-0.0760.0216 |-3.51|0.0131
.03 .000| .0188| -.02| .0008
2.13 OT7h| .0217| 3.42(-.0116
%.13 JAT| L0305 4.82|-.0243
5.13 .184 | L0370 | 4.96]-.0306
6.1% 220 .0450| 4.90}-.0370
7.15 .258| .0543 | L. Th |-.0435
Wing 12-100-0
-2.05 |-0.069 {0.0195 |-3.5% [0.0149{-2.17 [-0.095]0.0242 |-3.92 [0.0235
.05 .000| .0168| .00| .000L| .03 | -.001| .0204| -.02] .0002
2.1% .069| .0198 | 3.46 |-.0146{ 2.20 .091| o241 | 3.78|-.0226
k.15 1361 .0276 [ k.91 |-.0290]| 3.23 40| L0293 | k.79 |~-.0348
5.1% 71| L0337 | 5.07|-.0369| 4.18 .181| .0351 | 5.16 |~.0ukT
6.13 .205{ .0409 | 5.01 |-.04k3| 5.22 227 0434 | 5.24 |~.0555
7.15 239 049k | 4.83 |-.0515| 6.20 .268| .0524 | 5.11 |-.0650
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TABLE I.- BASIC DATA - Concluded
M= 2.01 M=1.61
a, deg| CL Cp |L/D| Cn [a deg| Cp Cp (L Cn
Wing 12-0-33
-0.02 | 0.000{0.0229 | 0.00|~0.000k4 |-2.20]-0.114 0.0327{-3.50[0.0130
2.12 .079| .0260| 3.02| -.0087| -.03| ~.003|..0280] -.10|-.0004
4.10 .156| .0348| 4.48] -.0167| 2.22| .110| .0319]| 3.46|-.0140
5.07 .195! .0k10| Lk.7h| -.0207| k.27( .217( .O438| k.95|-.0267
6.05 .234| .0488| L.80| ~.0248} 5.38{ .275| .0539| 5.10{-.0338
7.08 2761 0584 L.72] -.0290] 6.48] .329] .0653| 5.04|-.0kok
8.07 17| .0693| k.57 -.0325{ 7.50] .380| .o778| k.88|-.0u6k
-2.05 | -.081| .0263|-3.06| .0080
Wing 12-33-33%
-0.02 |-0.001{0.0190 {-0.04| -0.0001
2.13 OT77| .0228] 3.38| -.0102
3.17 J116| .0266| k.35 -.0153
%.18 153 .0316| 4.85] -.0203
5.20 1921 .0382) 5.02| -.0255
6.20 229} .0460 | 4.98| -.0305
7.22 2701 .057T7| 4.84] -.0360
-2.18 | -.08]| .0227(-3.52] .010L
Wing 12-67-33
-0.07 [-0.002]0.0167 |-0.10] 0.0005
~2.15 | -.075| .0200(-3.761 .0131
2.20 07| .0203| 3.66| -.016k
4.25 Al8) L0292 5.07] -.0254
5.22 185| .0355| 5.21| -.0320
6.28 2221 .0437| 5.08] -.0%86
7.38 260 05351 4.86] -.0453
Wing 12-100-33
-2.10 [-0.0690.0178-3.85| 0.01L43|-2.52{-0.108|0.02k2 |-k.46]0.0252
.02 .000{ .0151| -.03| .0000| -.05| -.00k} .018%| -.20{ .0005
2.13 .068} .017T7| 3.84| ~.0lkk| 2.33| .098| .0227| k.31{-.0237
b7 .135] .0260| 5.18] -.0288] k.70| .200| .0365] 5.47{-.0468
5.18 169 .0317| 5.32| -.0360| 7.36| .300| .0586| 5.12|-.0697
6.22 .203| .0391| 5.19{ -.0433| 6.28]| .262| .0486| 5.38(-.0611
7.25 .237| .0u80 | 4.9hk| -.0506| 3.68] .156] .0295]| 5.27|~.0369
SONRSRENIIAT,
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TARLE IT.~ SUMMARY OF CHARACTERISTICS EASED ON TNDIVIDUAL WIKG AREAS

M= 2,01 M= 1,61
wing % - %o L ' D = Oy

C L ~_  “min L
6-0-0 0.0218] 0.466  |0.0508] 4.92 [0.220]-0.0039|0.0270| 0.334  [0.0546]| 5.26 10.2851-0.0067
6-33-0 .0188 500 .0382] 5.11 | .200| -.0050
6-6T-0 .0166 535 L0360 | 5,30 | .185] -.0062
6-100-0 0153 .569 03321 5,36 | .170| -.0075| .0181 435 LO0o| 5.55 | 210 -.0113
6-0~33 0195 1469 L0%9L | 5.22 | .200| -.00L8| .0239 .3%8 0516| 5.58 | .275( -.00TL
6-33-33 0170 509 L0369} 5.36 | .187| -.0055
6-67-33 .0151 549 L0348| 5.4 | L170| -.0063
6-100-3% | .0 587 .0320| 5.48 | .150| -.0070| .0166 RINY L0231 5.8%5 | .200| ~.0L03
12-0-0 0260 L5 L0392 | k.50 | .275| -.0031| .032% 35 L0530 b7k | .310| -.0061
12-33-0 0217 .505 0379 4,70 | .220] -.0043
12-6T7=0 0188 .53l L0356 4,99 | .190| -.0058
lg-LQO-Q Qléa ’562 =Q33,+ 5‘09 ‘175 il £l %Dbr' 51‘IL1_-I|'-!JI- i(}ll'il 5“—-/ s ) - -Olv__,
12-0-33 .0229 475 .0389 | 4,81 | .240| ~.004O| .0280 .345 0509 5.10 | .300| -.0065
12-33-33 | L0190 .511 .0370| 5.0% | .210] -.0049
12-67-33 | .0167 Sh5 L0z48| 5.21 | ,185| -.0060
12.100-33| ,0151 .580 032k 5.33 | .170| ~-.0069| .018% L8 O422| 5.49 | .215| -.0L0L

874
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TABLE IIT.- SIMMARY OF CHARACTERTSTICS BASED ON AREA OF THE X-0-0 WING .

TDICGT T YOV

Ma2.0L M= l.61
Wing CD'cij_n T c.p. at|C CD"Cij_n L C.D.
"Dty T T (5)max GLOP'b mj:)ag Pmin _-CF— ‘Lo (5)mﬂx CLDPt cr-fn-)ae.g
& a

i

—— g

]

6-0-0 0.0218| 0.466 0.0408
6-33-0 .0210 450 0425
6-67-0 .020% A58 Nl Ty]

0.220 o.5l+2 0.0270| 0.33h  |0.0546| 5.26 [0.285] 0.%74
.29
.185| .250

1'--92

5.11

5.30
6-100-0 | .0204 AeT7 O3] 5,36 | 170 .211 | .02k .526 .0587| 5.55 | .210] .254
6-0-33 L0217 Je1 OBZ5) 5.22 | .200| JBOO | L0266 504 05751 5.88 | .275] .bhe3
6-33-3% | .0208 RINTS LOh51 5.ﬁ 871 346 -
6-67-335 | .020L RINT- O46k| 5, 701 .301
6-100-33 | .0202 e o6z 5.48 | 1507 .254 | .o2ho 307 .0611| 5.85 | .200] .295
12-0-0 .0260 H4T5 03921 4.50 | 2751 323 | LO%R3 345 0534 | 4,74 310 356
12-33-0 | .0242 Jsh o2l k.70 | .220] .270
12.67-0 | .0230 L37 Ob3s| 4,99 | 190 .225 .
12-100-0 | 022k JL21 L5 5,09 | W15 L186 | L0272 333 05751 5.25 | 225 .2hs
12-0-3% | .0255 Jot Ob32| 4,81 | .2k0| .38 | 0311 310 L0566 5.10 | .300] .403
12.33.33 | ,0232 418 Jos2t 5,03 | 210 L334
12-67-%5% .022% .409 WOh6h] 5.21 | .185| .290 » ) _
12-100-3% .0218 401 LOU68] 5.33 | .170[ .245 02 310 0610| 5.49 215 300

- e

Spraction of G of the X-0-~0 wing.
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Figure 1.- Schematic layout of model. (All dimensions in inches, unless

otherwise specified.)
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Figure 2.- Detalls of wing assembly.
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Flgure 3.- Geametry of wing-body combinatlons.
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() The 6-0-0 wing in combination with body.

Figure 4.- Wing-body configurations.
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(b) The 6-100-33 wing in combination with body.

Figure 4.~ Concluded.
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(a) M= 2.01.
Figure 5.- Lift and drag characteristics for 6-X-X wing-body configurations.
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(b) M= 1.61.

Figure 5.- Concluded.
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Figure 6.~ Lift and drag characteristics for 12-X-X wing-body configurations.
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Figure T.- Lift-drag ratios for 6-X-X wing-body configurations.
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Figure 8.- Lift-drag ratios for 12-X-X wing-body configurations.
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Figure 9.- Pitching-moment and center-of-pressure characteristics of
6-X-X wing-body configurations.
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Figure 10.- Pitching-moment and center-of-pressure characteristics for

12-X-X wing-body configurations.
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Figure 11,- Minimm drag cheracteristics of 6-X-X and 12-X-X wing-body
configurations,
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Figure 12.- Draeg-due-to-lift characteristics of 6~X-X wing-body configurations.
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Figure 1%.- Lift-curve slopes of 6-X-X wing-body configurations.

o14

TDEGT W VOVN



NACA RM L53K11 . 39

a

Lift- curve slope, C__ , per deg

, per deg

Lift-curve slope, C;

%-0-0

.07
Wing Exp. Theory
X0 O -——
12-X-33 O ———
.06
.05 T e——T]~ -
8
04— = gt
-5 $
M=2.01 M=1.61
.03
(a) Coefficients based on respective wing areas.
.07
o]
086 e X
.05 -
_—a 18
e o o :
040
03 M=2.0I M=1.61
' .2 4 .6 .8 1.0 0 2 4 8 .8 1.0
Forward chord extension, ’ Forward chord extension,

fraction of basic chord fraction of basic chord

(b) Coefficients based on area of X-0-O wing.

Figure 15.- Lift-curve slopes of 12-X-X wing-body configurations.
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Figure 16.- Maximun lift-drag ratios and optimm 1ift coefficients for

6-X~-X wing-body configurations.

ox

THEET WL VOV



a1

L
D

opt

o

Optimum  Bft coefficierd, C.
o

0

Wing Exp. Theory
12- X-0 e —————
12-%X-33 0O —_——
R T vl 3 [la=-=l-- 8
X L d NS
o
M=2.0l L M=161
o EQLL_:.""
M=2.0l M= 1.6l
.2 4 .6 .8 1.0 0 .2 4 .6 8 . 10

Forward chord extenslon, fraction of baosle chord Forward chord  extenslon , fraction of bosic chord

Figure 17.- Maximim lift-drag ratios and optimm 1ift coefficlents for
12-%X-X wing-body confilgurations.
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Figure 18.- Pitching-moment-curve slope and representative center-of-
pressure characteristics for 6-X-X wing-beody configurations.
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pressure cheracteristics for 12-X-X wing-body configurations,
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